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List  of Symbols 
B - Fraction of fuel burned 
Co 	 - Concentration of oxygen 
Cf 	 Concentration of fuel 
Activation energy 	 cats 
K Ratio of nitrogen/propane by weight 
Kt 	 Local ratio of nitrogen/propane by weight 
- Mass flow rate lb/sec. 
P 	 - Pressure (atmospheres) 
Universal Gas constant 	 (1.987 oal/m31, 0K) 
TR 	 Reaction temperature OK 
3 Reaction volume 	 ft3. 
Base of natural logarithms 
f 	 - fuel/air ratio by weight 
k 	 - 2nd order reaction velocity constant 
9fR 	 • Equivalence ratio, reaction zone. 
VID 	 - Equivalence ratio preheating 
Introduction and Summary 
The purpose of this note is to describe one or two techniques 
which are currently being used at Cranfield in various investigations 
into the effects of flameholder geometry and flow parameters on the 
process of flame stabilization. Much of the report is concerned with a 
description of the nitrogen dilution technique as a means of simulating 
low combustion pressures, and a comparison is made between this and the 
now established water injection technique. It is shown that many 
aspects of flame stability can be effectively studied by local injection 
of nitrogen directly into the combustion zone, with appreciable economies 
in the amounts of nitrogen required. A further application of this local 
injection method is also described which has proved useful in an 
investigation of the factors governing the amount of air entrained in the 
recirculation zone. 
1.0 Low pressure simulation by nitrogen dilution 
A number of techniques for simulating low combustion pressure 
have appeared in the literature in recent years (1) (2) (3). One of 
these techniques in particular has proved to be cheap and effective. 
Basically, this method depends upon decreases in both temperature and 
partial pressure of the reactants involved in the combustion process, 
which are achieved by the addition of water to the combustible mixture. 
The theory and application of this method have been fully described in an 
earlier paper presented to the G.T.C.C. Combustion Sub-Committee (4). 
The use of water as a diluent has the advantage of a cheap 
working fluid, but there are certain drawbacks mainly in terms of 
experimental complication and pressure loss. An essential item for the 
water dilution method is an air preheater to vaporise the injected water 
and cause it to remain in a vapour state during, 
 its passage through the 
combustion zone. Although the pressure loss of a preheat chamber is 
normally quite small it can be very significant if a fan is used as the 
source of air. In any case its associated fuel pump, fuel system and 
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than water. It should be added that if very large quantities of nitrogen 
are contemplated, liquid installation is considerably cheaper than bulk 
storage of gas 
2.0 	 Theoretical background 
The principles of simulating low combustion pressure by the 
dilution technique are confined to the use of a reaction rate criterion. 
This criterion is the equality of the reaction rate at the simulated and true 
pressure condition. One may formulate this equality for second order 
homogeneous gaseous reactions by the use of well-known looading parameter, 
_1 1_ , in the following way:- 
VP2  
[ M  k VP2SIM 	 k VP2TRUE] 	  (1) 
where k is the unknown 2nd order reaction velocity constant. 
The derivation of the loading parameter has been described many times and, 
therefore, only the bare essentials need be given here. It can be shown that 
for second order reactions the equation which relates the loading to other 
indepenednt variables is:- 
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The effect of adding an inert gas on the reaction rate becomes apparent by 
considering equation (2). By the addition of a diluent gas the concentration 
of oxygen, Co and of fuel, Cf , will decrease and the reaction rate will vary 
as the product of these decreased values. In addition, the presence of the 
inert gas will decrease the reaction temperature, TR , due to its capacity 
for absorbing heat. Expressions can be developed from equation (2) which 
relate the loading parameter to the weight ratio of diluent to fuel, K, and 
the following expression is that for propane/air mixtures and nitrogen 
dilution with factors included for preheating with kerosine:- 
-2L12249. (1/4 + 3.60) (1/4. _ 0 M 	 . 	 4: TR ... 
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Since  calculations of reaction temaerature rate at eauivalence ratios near 




respectively, in conjunction with fifteen conical stabilizers each of 300  
included angle. Values of stabilizer blockage ranged from 11 to 44% , the 
actual stabilizer dimension being carefully chosen in order to permit 
stabilizer size and blockage to be investigated independently. 
The experimental results obtained show that the amount of air 
entrained in the recirculation zone behind a bluff body stabilizer depends 
entirely on the velocity and temperature of the airstream and on the 
stabilizer blockage. 
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